ABSTRACT. Wild olive (O. europaea ssp cuspidata) plants grow in various regions of Iran and are expected to have considerable genetic diversity due to adaptation to the various environmental conditions. We examined the genetic diversity of four populations of wild olive growing in Hormozgan Province located in southern Iran by using 30 RAPDs and 10 ISSR markers. The mean value of polymorphism for RAPD loci was 73.71%, while the value for ISSR loci was 81.74%. The Keshar population had the highest value of intra-population polymorphism for both RAPD and ISSR loci (66.86 and 62.71%, respectively), while the Tudar population had the lowest values (20.35 and 28.81%, respectively). Similarly, the highest and lowest number of effective alleles, Shannon index and Nei's genetic diversity were also found for these two populations. The highest value of H pop /H sp within population genetic diversity for RAPD and ISSR loci was found for the Keshar population (H pop = 0.85 and H sp = 0.90). OPA04-750, OPA13-650 and OPA02-350 RAPD bands were specific for Tudar, Bondon and Keshar populations, respectively, while no specific ISSR bands were observed. Analysis of molecular variance as well as the pairwise F ST test showed significant differences for RAPD and ISSR markers among the populations. The NJ and UPGMA trees also separated the wild olive populations from each other, indicating their genetic distinctness. UPGMA clustering of the four wild olive populations placed the Tudar population far from the other populations; Keshar and Bokhoon population samples revealed more similarity and were grouped together. We conclude that there is high genetic diversity among O. europaea ssp cuspidata populations located in southern Iran. We also found RAPD and ISSR markers to be useful molecular tools to discriminate and evaluate genetic variations in wild olive trees.
INTRODUCTION
Wild olives are distributed from South Africa to South Asia, in the Sahara mountains, Macaronesia and Mediterranean countries (Green, 2002) . Olea europaea ssp europaea and O. europaea ssp cuspidata are two subspecies with large geographical distribution: ssp europaea occurs in the Mediterranean basin and ssp cuspidata is distributed from Africa to China. These taxa are allogamous and their seeds are dispersed by birds (Spennemann and Allen, 2000; Green, 2002) . Hybridization and gene flow between different taxa in olive complex have been reported by various authors (Belaj et al., 2007; Besnard et al., 2001 Besnard et al., , 2008 . This phenomenon could help recover genetic erosion among olive cultivars (ssp europaea L.).
Recently, Azadi (2005) considered O. europaea ssp cuspidata as the only wild olive species in Iran, which is mostly grown in southern and western parts of the country, along with cultivated olives (ssp europaea), suggesting possible hybridization between wild and cultivated olive trees; hybridization has been reported by Sheidai et al. (2010) in southern Iran. Based on morphological and molecular data, Sheidai et al. (2010) also reported on intraspecific forms within the ssp cuspidata.
In recent years, molecular markers have played a major role in the evaluation of genetic diversity and genetic differentiation among populations. RAPD and SSR markers are useful tools to discriminate olive cultivars (Noormohammadi et al., 2007; Omrani-Sabbaghi et al., 2007) and to evaluate genetic diversity in wild olive populations (Sheidai et al., 2010) . We examined genetic diversity and relationships in four wild olive populations growing in Hormozgan Province (southern Iran) by using RAPD and ISSR.
MATERIAL AND METHODS
Fresh leaves of four wild olive (O. europaea ssp cuspidata) populations including Bokhoon, Keshar, Tudar, and Bondon in Hormozgan Province were collected in spring 2011 (Table  1) . At each site, three to 12 different individuals (trees) were selected and their leaves cleaned and placed in plastic bags, with and without silica gel beads, and then transported to the laboratory.
Three to five leaves of each sample were used for DNA extraction. The total genomic DNA was extracted following the CTAB method using DNeasy Plant mini kit (Qiagen Genetic diversity of wild olive populations in Iran GmbH., Germany), according to manufacturer instructions. The quality of DNA was examined by running on a 0.8% agarose gel.
Population
Geographical locality in Hormozgan Province Population size Keshar 19° 180ꞌ to 19° 276ꞌ N, 55° 028ꞌ to 54° 905ꞌ E 12 Bokhoon 57° 270ꞌ to 57° 336ꞌ N, 15° 040ꞌ to 14° 974ꞌ E 10 Bondon 59° 490ꞌ to 59° 759ꞌ N, 12° 636ꞌ to 12° 925ꞌ E 5 Tudar 58° 065ꞌ N, 15° 357ꞌ E 3 Table 1 . Sample details of the wild olive populations from Iran.
RAPD and ISSR amplification
Thirty RAPD primers of different Operon kits (A, C, I, M, H) from Operon Technologies, USA, as well as six combined primers were used (Table 2) . RAPD reactions were conducted in a 20-µL reaction mixture containing 50 ng template DNA solution; 1X PCR buffer (10 mM Tris-HCl buffer, pH 8, 50 mM KCl); 1.5 mM Mg
2+
; 200 µM dNTP mix and 1.0 U Taq polymerase (Bioron, Germany). The PCR thermal program included an initial denaturation for 5 min at 95°C, followed by 35 cycles of 1 min at 95°C, 1 min at 37°C, 2 min at 72°C, and a final extension for 10 min at 72°C.
The 10 ISSR primers used in the present study were UBC807, UBC810, UBC811, UBC823, UBC834, and UBC849 commercialized by UBC (the University of British Columbia) as well as (CA)9GT, (GA)9T, (GA)9A, and (GA)9C (Table 2) . PCRs were performed in a 25-µL volume containing 10 mM Tris-HCl buffer, pH 8, 50 mM KCl; 1.5 mM MgCl 2 ; 0.2 mM of each dNTP; 0.2 µM of a single primer; 20 ng genomic DNA and 1.0 U Taq DNA polymerase (Bioron). Amplification reactions were performed in a Techne thermocycler (Germany) with the following program: a 5-min initial denaturation step at 94°C, 30 s at 94°C; 45 s at 50°C, 2 min at 72°C, and a final extension step of 10 min at 72°C. Amplification products were visualized by running on a 2% agarose gel in 0.5X TBE buffer system, followed by ethidium bromide (0.5 µg/mL) staining. Fragment size was estimated by using a 100-bp molecular size ladder (Fermentas, Germany). Reproducible bands of each locus were scored as binary present (1) or absent (0) and data matrices of RAPD and ISSR loci were assembled for further analysis.
The effective number of alleles, percentage of polymorphic loci and Shannon's index were determined for both RAPD and ISSR loci by POPGENE version 1.31 (Yeh et al., 1999) for all loci and also for each population separately. Inter-population genetic diversity was determined by Nei's gene diversity (H). H was calculated at the population (H pop ) and species levels (H sp ) (Nei, 1973) . Analysis of molecular variance was performed to reveal significant genetic differences between populations using GenAlex 6.4 (Peakall and Smouse, 2006) . UPGMA (unweighted paired group using arithmetic average) and neighbor joining (NJ) clustering were performed to study the population relationships.
Various similarity matrices [for example, Jaccard, Nei and Li (Podani, 2000) ] were used for clustering. Ordination plot based on principal coordinate (PCO) analysis was also used for grouping of the trees by NTSYS-pc version 2.02 (Rohlf, 1998) . Cophenetic correlation and bootstrapping was performed to check the fit of the dendrograms obtained (Podani, 2000) , and the Mantel test (Mantel, 1967) was performed for estimating the correlation between RAPD and ISSR trees.
RESULTS

RAPD and ISSR amplification
Eighteen of 30 RAPD primers used could produce reproducible bands, ranging in size from 280 to 3000 bp. In total, 140 polymorphic bands/loci and 32 common bands were obtained, with an average of 9.5 bands for each primer. The combined RAPD primers did not produce scorable bands except the OPC11/OPI18 locus ( Table 2) . The mean value of polymorphism for RAPD loci was 73.71%, with the highest values for the primers OPA10, OPA11, OPC06, OPI16, OPI18, OPR08, and OPM19 (100%) and the lowest value for the OPA05 primer (16.67%). The highest number of effective alleles was obtained for the OPA10 primer (1.73) while the lowest value was obtained with the OPA05 primer (1.05). OPA2, OPA4 and OPA13 RAPD primers produced three unique alleles (OPA02-350, OPA04-750 and OPA13-650).
The mean value of the Shannon index as a measure of genetic diversity was 0.38 for all primers, with the highest value for the OPA10 primer (0.59) and the lowest value for the OPA05 primer (0.07). The highest value of Nei's genetic diversity (H) for RAPD loci was found for the OPA10 (0.41) primer and the lowest value was observed with the OPA05 primer (0.03).
N A = number of alleles; P% = polymorphism %; I = Shannon index; N E = number of effective alleles; H = Nei's genetic diversity; numbers in parentheses = standard deviation.
Ten ISSR primers produced 59 reproducible bands ranging between 150 and 2000 bp. The highest value of ISSR band polymorphism was obtained with (CA)9GT (100%), while the lowest value was obtained with the primer UBC834 (33%). The mean value of ISSR band polymorphism across all loci was 81.74%.
The UBC849 primer gave the highest number of effective alleles (1.75), Shannon index (0.60) and Nei's genetic diversity (0.42) among the ISSR primers, while the UBC834 primer gave the lowest values for these parameters.
Intra-and inter-population diversity
Among the four wild olive populations, the Keshar population showed the highest value of intra-population RAPD band (loci) polymorphism, while the Tudar population gave the lowest value (Table 3) . Similarly, the highest and lowest numbers of effective alleles, Shannon index and Nei's genetic diversity were also obtained for these two populations. Table 3 . Genetic parameters among wild olive populations based on RAPD and ISSR loci. P% = polymorphism %; I = Shannon index; N E = number of effective alleles; H pop and H sp = Nei's genetic diversity for population and species levels, respectively; numbers in parentheses = standard deviation.
The highest value of H pop /H sp as the indication of genetic diversity (for RAPD markers) within populations was found for the Keshar population, while the Tudar population had the highest value of genetic diversity among populations (Table 3) .
Similarly in ISSR markers, Keshar population showed the highest percentage of polymorphism, the highest numbers of effective alleles, Shannon index, and Nei's genetic diversity (Table 3 ). The lowest values of percentage polymorphism, number of effective alleles, Shannon index, and genetic diversity were obtained for the Tudar population. The highest genetic diversities within (H pop /H sp ) and among (H sp -H pop /H sp ) populations for ISSR data were also observed in Keshar and Tudar populations, respectively.
Some specific RAPD bands were observed in the populations; for example, the OPA04-750, OPA13-650 and OPA02-350 bands were specific for Tudar, Bondon and Keshar populations, respectively, while no specific bands were observed in ISSR analysis. On the other hand, some RAPD bands, i.e., OPA13-550, OPA13-1300, OPA10-2000 and OPI12-450 were observed in all populations, except the Tudar population. Nei's genetic distance determined between pairs of wild olive populations for RAPD and ISSR data (Table 4) revealed that Tudar and Bokhoon populations had the greatest genetic distances at both molecular markers, while Keshar and Bokhoon populations had the shortest genetic distances.
Analysis of molecular variance (AMOVA) carried out for RAPD and ISSR data (Ta-ble 5) showed significant differences (P < 0.01) among and between the populations studied for both molecular markers. The amount of genetic variation among the four populations was about 20% (F ST = 0.205) in RAPD and 11% (F ST = 0.114) in ISSR data. The F ST pairwise analysis supported the significant difference in both molecular markers, among most of the populations studied (Table 6 ). Tudar and Bondon populations were significantly different, except for comparisons with ISSR markers (P = 0.213). 
Genetic relationships among populations
The NJ and UPGMA trees obtained from RAPD markers produced similar results, separating the wild olive populations. UPGMA tree based on Nei's genetic distance divided wild olive populations into four groups ( Figure 1A ). Keshar and Bokhoon populations showed more genetic affinity and were placed close to each other, while the Bondon population is more distant. The Tudar population was the most distant.
Similarly the UPGMA tree of ISSR data grouped the wild olive populations into four clusters ( Figure 1B) . The Keshar population showed more genetic affinity with the Bokhoon population. The Mantel test performed between RAPD and ISSR trees showed significant correlation between the two data set (r = 0.99; t = 8.935; P = 1.000), indicating that these two types of molecular markers grouped the populations in a similar manner.
The PCO ordination plot of RAPD data (Figure 2) showed that the Keshar olive tree
Upper diagonal based on RAPD data and lower diagonal based on ISSR data.
Upper diagonal based on RAPD data and lower diagonal based on ISSR data. *Significant at 0.05 (P < 0.05); ns = nonsignificant. P values were estimated using 10,000 permutations.
population grouped close to the Bokhoon tree population (Keshar trees Nos. 8, 9 and 10 are placed close to Bokhoon trees Nos. 18, 19, 20, and 21) . The olive trees studied from Bondon and Tudar populations were grouped together and separated from the other populations. Some trees, such as Keshar No. 4 and Bondon No. 23 did not group with trees of their own population, due to genetic differences. 
A B
PCO analysis based on ISSR data could almost separate Tudar trees from the other trees (Figure 3) . Keshar trees Nos. 1, 2, 3, 8, 9, 10, and 12 were placed separately, while the other Keshar trees (Nos. 4, 5, 6, 7, and 11) were grouped with Bokhoon trees. Some Bondon trees (Nos. 23, 24 and 25) showed more affinity to Keshar and Bokhoon trees. 
DISCUSSION
We found high allelic variation with 18 RAPD markers. Among them, seven RAPD primers gave the highest values of allele polymorphism (100%), which will be valuable for wild olive population discrimination. The finding of high genetic diversity in Iranian wild olive populations is consistent with what has been reported from other studies using morphological and molecular (RAPDs, AFLPs and SSRs) markers (Angiolillo et al., 1999; Baldoni et al., 2006; Belaj et al., 2007; Sheidai et al., 2010) . Here we report the usefulness of combined RAPD primers in demonstrating genetic diversity of wild olive popula-Genetic diversity of wild olive populations in Iran tions. However, we obtained this result with only one combined primer (OPC11/OPI18); more RAPD primer combinations need to be made and tested to evaluate these novel loci for producing informative bands with material from wild olive trees.
The high level of polymorphism at ISSR loci also indicates high genetic variability in wild olive trees, which is in agreement with other studies made on cultivated (Gemas et al., 2004; Terzopoulos et al., 2005; Essadki et al., 2006; Gomes et al., 2009; Martins-Lopes et al., 2009 ) and wild olive trees (Hess et al., 2000) .
Both RAPD and ISSR data analyses showed intra-and inter-population genetic diversity in wild olive trees of Iran. The Keshar population was found to have the highest amount of within-population genetic diversity, while the highest genetic diversity compared to other populations was observed for the Tudar population. This latter result may be partly due to the limited number of trees collected from the Tudar population (only three trees were available). The F ST pair wise analysis of molecular data performed between populations showed significant genetic differences among olive populations for both RAPD and SSR molecular markers. Such high genetic divergence may be due to the occurrence of different mutations including insertions/deletions in each population and a lack of genetic exchange between populations.
AMOVA results also revealed a higher level of intra-population genetic variation (more than 80%) compared to that among populations. This is in agreement with the results obtained from most woody perennial outbreeding species, with most variation being within populations (Hamrick and Godt, 1989; Hamrick et al., 1992) , and is similar to what was found in other studies made on wild (Baldoni et al., 2006; Rubio de Casa et al., 2006; Belaj et al., 2007) and cultivated olives (Belaj et al., 2004; Gemas et al., 2004) . Consequently, we may consider each wild olive population studied as a separate gene pool in Iran. However, similarity observed between some of the olive trees belonging to different populations (based on cluster and PCO analyses) shows some gene flow between these populations. Olive pollen carried by birds (Spennemann and Allen, 2000) could be a reason for gene dispersal as far as 200 km, although geographical barriers limit inter-population pollen dispersal. Sheidai et al. (2010) also found intra-specific variation in O. europaea ssp cuspidata in Iran.
The ISSR molecular markers did not discriminate the wild olive trees as clearly as did RAPD markers, although ISSR markers did reveal a high level of genetic variation within and among populations. This could be due to differences in the DNA nucleotides amplified by these two molecular markers and also due to different mutations occurring in them. Therefore, for delimitation of wild olive populations and to achieve a better understanding of genetic diversity within populations, it is better to use both molecular markers and their possible combinations.
In conclusion, we found a high degree of genetic diversity among O. europaea ssp cuspidata populations located in southern Iran and that RAPD and ISSR markers are useful molecular tools to discriminate populations and evaluate genetic variation in wild olives.
